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Ahighspeednetsmrk comunications stationhas 
been developed to serve to interconnect a variety of 
computem in a mltiplexed star network. Each station 
consistsofone contxolmduleand twomemxyn-cdules 
exdxdied as CAM?C modules. Transmission is over coaz- 
iallineswithtypicaldistances betwem statious of 
3Tmm 1 to 2 miles. The tranmission rate is 4MRz. 

Introduction 

At Femxi National Accelerator Laboratory typical- 
7lyami&erofexperini=nts are simultaneously setup 
dudworking in each of five geographically separated 
egperirrental areas. Figure lillustrates the approxi- 
maha I&oratory layout. The accelerator cycle typi: 
dlly runs about three to six seconds of acceleration 
w during which tine little of interest to the ex- 
perinmterscccurs and then aconstantenergypericd 
duringwhichtime the beam is extracted slowlymer a 
'perioaofthatone second to rmstexperirrents. During 
thisone second spill time, baseduponhighspeed 
e&ctronics logic decisions, an interrupt to a local 
on-line crquter system is gmerated aud data is 
sLcobedfromthehigh speed electronics into the com- 
puter. This data strobe typically is of theorderof 
JDO mini-computer words of data and freguently of the 
o&eroflOO triggersoccurduringone spill period. 
Themini-ccsputers collect data in thismtmer,buffer 
andfrequently fometthedataandthen store this 
data on tape as the primary date long term storage 
neaium. The mini's also operate on some fraction of 
thedatatommitor theoperatiouoftheexperiiit, 
usuallyinclose interactionwith theexperimeuter. 

Frquentlyitoccurs, however, thatthemini- 
czxq&eris inadeguate incoqmtiug~togivean 
adequate physics result to the experimenter. Fo? this 
xwson it is necessary to have additional canputm 
gxx4n3z available to mke these rmre~extmsive calcu?a- 
tipns. Given today's tecixology it is possible to add 
~gpointhardwaretoarrodernmini-ccmputerto 
alleviate this situation. Ermver, since therearea 
largemmberofmiui-computers installedinourLabo- 
sdrory, and also because frequently mre computing 
pzriaeris required than can be obtainedwith typical 
z&ii-coqute.r floating point hardware, it isnore ap- 
~r~tetoconnectthemMitharealt~linktoa 
~largermre powerful amputer. At Fermilabm? use 
a Cm 6600 in this role. At the present time hmever, 
&&a isbrought'to this cmputerbl bringing theneg- 
dctapetothecamputer via the "on-line bicycle 
3Ifmte". It is to remove this rather slcm "on-line" 
IS&B&XI that we have designed a general purpose 
I&oratory wide data ccmmnications network to link 
our mini-computers to a central large computer. This 
netmrkis calledBISON-NEI. 

Global Concepts 

OurdesignforBlZmI-EE!I isbaseduponthefol- 
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lowing considerations: 
a) There are a variety of mini-ccanputers of dif- 

ferentmanufacture serviciugthevarious experiments. 
b) Almost all the mini-computers use CAMAL: as the 

nomlinterface system. 
c) Although the CWAC protocol is rather cm&~- 

some for the mjor data acquisition and frequently 
tendstobe the limiting elenentduring data strobes, 
nevertheless during the acceleration cycle the activ- 
ity level for the CAMPI: branch highway is very low. 

d) !the network should handle reasonable sized 
buffers from each experimenter, with an average peak 
rate of one buffer per experimenter per acceleration 
cycle guaranteed. 

e) As much as possible the ccmnmications proto- 
colshouldbe tianspareuttotheuser. 

f) There shouldbe no distancelimitbetween 
S. 

!!ZTEEi ‘,I: VARIOUS SMALL COMPUTERS 

Fig. 1 Femil.abExperimental~Layout 

These.considerations lead to a design which uti- 
lizes a CAMAC interfaced system. The implementation 
which is symetric at tmnmi.t and receive ends re- 
quires cmly two different types of mdules. As il- 
lustrated in Figure '2, a netmrk terminal requires 
one transmit/receive controlm&iLe (T/R Module) and 
two 1024 word 24 bit memory mdules, one serving as a 
transmit mxxy (TM Wdule) and one as a receiving 
m3mry (RM Wdule). Atypical mini-computer to CD2 
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6600 connection is given in Figure 3. The whole net- 
work is a star network and because of the rather large 
distances invulvedand the relativelyhighcostof 
high guality transmission cable, muItiplexers are 
utilized for physically close clusters. The network 
isschenmticallyillustratedinFigure4. 

Fig. 2 Major Features of BISCWNEC CAMAC Modules. 

Typicallyatthe endof a spiLlpericd,when the 
CAWC system is not in a time critical situation, the 
user initiates ablocktransfer fromalXbuffer in 
hiscorenmrxy intothelKbuffer BISCR-RET.?M@ule. 
Up to a-dozen different users might do this n-ore or 
less simultan~~~usly. Once the transmit me11-0ry is 
loaded the transmit/receive nodule transmits the whole 
block serially to the receive merrory at the CEC end. 
The multiplexers take care of the priority and proto- 
coliftwziDl.modulesbecome filled at the samamo- 
m?nt. Atthereceive endappropriate statusbits are 
setandthe software at the 6600 end scans the status 
registers and unloads the data in an appropriate fash- . . The T/'Rnodules are reasonably independent. 
gy are designed to take care of a large variety,of 
unusualerrorconditions andwill autcxr'aticallyre- 
transmit the block if there has been an unsuccessful 
3rransmissi~. 

7hedatatr ansmittedviathistechnigueiseither 
experimntaldataor control words. The first four 
~~~~%aresofWaresetanddefinethedetailsof the 
accoiqanyingdata. Typically the useris~all~edto 
construct a file which is controlled by special soft- 
ware inthe CtX 66OOperipheral andcentralprocessors. 
Thesearebuffered in~remerrory in them 6600 and 
written into'the disk by the system software. The 
user may apen and close this file and after the file, 
is closed, he n-ey submit high priority batch jobs by 
transmitting appropriate control words and associated 
cxmtrolblocks. Normally it is assurred that the data 
files are constructed over a period of minutes or tens 
of minutes, and at the end of this time, a high prior- 
itybatch jobis initiated. Thisbatchprogrammay 
construct an output file if appropriate and upon ini- 
tiation by the mini-cfnnputer, this block will be 
transmittedbacktothe~mini-computer. 

Ckxz of two types of CAMAC nodules required for 
the BISON-NE!I is the 1024 vnxd by 24 bit memory 

(Figure 2). This nodule uses static N-M% menrq, +)?I% 
logic, and has been designed as a general purpose 
-rY. Co!mection to the T/R ncdule is via a rear 
panel connector located above the CAM&C dataway con- 
nector. 'IWenty four lines are used as a bi-direction- 
al dataway (the T/R dataway) with the remainder used 
for control functions. Memorymdules functioneither 
as a transmitting (TM) or a receiving mamxy (FM) de- 
pendingonwhere their interconnecting cable is at- 
tached to the T/Rmodule. 
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Fig. 3 Typical Mini-computer to CIXZ 6600 Connection 

lb aid in system checkout and error diagnosis, 
allinqortantcontrolregisters canbe setandcleared 
byCAMACcxmnmnds. Inadditionvarious sectionsof 
the automaticlogiccanbe inhibitedby settingcon- 
trol bits. The CiWAC coaxtends and register configu- 
ration are detailed in Table 1. 

Anonnal BISON-NETblock transferaperation 
starts with an F(16) block write OcprmandtotheTM 
nrzdule . The first word of a block transfer is treat- 
ed in specialway by the TMnrx3ul.e. Theloworder 
ten bits of the first ~rd give the word count of the 
blocktransfer,and are setby software. The value 
of this mrd count is stored in mrd count register 
(K!R), and is contin~usly comparedwith then-emxy 

address register (MAR) during transfer. The first 
wxdis also storedin itsentirety inthe firstlo- 
cation of theMX3menory. TheMARis increnwted at 
theUWES2timaand successivewords are stored in 
successive.nemxy locations. The TM module monitors 
the rate atwhichwordsarereceived fromCAMAC and 
when a break is determined by a pause greater than a 
preset tima (as determined by the particular ccxnputer 
branch driver combination) the mmory load operation 
is terminated. If theMWand theKRdo not match, 
an error condition is indicated. The M&R is then re- 
set to zero. 

If this match i‘s successful and if no other 
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e-r cxxxIitiohs exist, the T/R nodule receives a sig- 
M indicating that a blockis available for transfer 
to the remte station. The T/R module now switches 
~~~datapathfromreadingfrcantheCAMACdata- 
way to writing on the T/R dataway. The T/R mule 
serializes the mry words, adds parity and contml 
bits,generatesDi-phase cede (similartoManchestx?r 
c&e) for tmnsmission and Wanmu 'ts the serial data 
at its intemal clock rate.' The M&R is advanced by 

'pseudo52 pulses generated in the T/Rscdule and 
transmission continues until terminated by eguality 
betweentheM?!RandWZR. 

III T 

fig- 4 BISON-NET r&xork with multiplexers shown 
whichall.m~shareduseofcables betweeuthe 
CentralLaboratory andthe principalexperi- 
lllzital areas. 

Qxzrational failures are detectedby the T/R 
3mdulewlrichset.6 aLANt indicate thatsomathinghas 
gonevmmginanenvryrrodule. Amemory status reg- 
isterCXlthE?!-lbe ewmined to determine the exact 
~cause of the.enor. Note that T/R n-cdule LAMS are re- 
served for error conditions and memoq IAMs for suc- 
cessfulcompl~* 

Anmiher of error conditions are possible. 
mxzksofimpq= lmgth, attespts towrite intoa 
~mxlule ortoread fromaMmduleortowrit.e 
blocks longer than 1024 words are all detected. A T/R 
nodule LAMwill. also be set if a write is attempted to 
a IIM nodule which has not as yet successfully traus- 
ferredits contents to the remte location orifa-read 
is atteqted frma RMmxUle that has not received 
new data. Itisthus Ixmible toprcgramblindly 
without emmining status registers or servicing IAM. 
if it is knam ahead of tine that the probability of 
a successful operation is high. Thus an experimnt 

passing one buffer per beam spill could write blindly 
with the -t&ion that the last buffer would almst 
always be cl&r. Inthe rare instanoeswherethis is 
not the case. (e.g., the centi-alquteris down 
briefly) it is only necessary to attempt to reload the 
?MncXlule sincelogicpreven~ooverwritingdata~ich 
has notbeen successfully transinitted. 

END OF PREVIOUS WORD 4 BIT SPACE 

D0 D9 

DIE PT 

SPARE D 19 D 20 D 21 D 22 D 23 D24 Pi 

LP I LP 2 LP 3 LP 4 LP5 LP6 LP7 LP6 

4 BIT SPACE 
I 

START OF NEXT WORD 

Fig. 5 BISON-NET word format, PI' is cdd transverses 
paritywhileLPnis even column parity. 

Similarlogiclmlds fortheRMmdule. In this 
case the T/Pm&de fabricates pseudo 52 pulses, as- 
sembles fullwords and then transmits the input data 
totheRMmduleviatheT/Rdataway. Whentransmis- 
sion ermrs are detected by the parity circuits, RM 
nodule load operations are terminated. This results 
in atinraoutwithan iqxo~length cxxpaxison and 
the msmzq automatically resets its addressregister 
to zero to look for a retransmission. Except for 
special mdes'of operation, the mmxy address regis- 
teris reset to zero ateachtin-eoutsothatthemem 
ory is always ready to load a block starting at lcca- 
tion~zero. 

Memory LAMS are set only on successful completion 
of a mzmory unload operation. Thus the 'IM nodule sets 
a LAMwhen its contents are successfully transferred 
to the remote location and the RM nodule sets a LAM 
whenitsoontentshavebeenunloadedviaCAMAC. 

T/R kdule 

The T/Rmdules at each end of the transmission 
linkcontrolthetraffic between the fourrwrorymod- 
ules. operation is almost full duplex in thattmns- 
mission canoccur simultaneously inbothdirections. 
A key feature of the T/R rrodule (Figure 2) is its two 
status registers. Each T/R nodule contains a 24 bit 
local status register (ISR) which indicates all its 
important control functions. In addition each T/R 
module also contains a secondregister, the rmote 
status register (RSR), which holds the nest recently 
received contentsof the local status register from 
the T/R module at the rmote station. Thus each T/R 
nodule is constantly aware of its own status and the 
status of the remteT/R nodule. If there is no other 
traffic, status is tmnsmitted at about 0.1 Second 

3 



4 TM-537 

il-dB3d.S. One of the ISR bits, and a front panel 
j&&t indicate that the T/R rrcdule is regularly receiv- 
ing status from the JFenKke station. Since this equiv- 
alent bit from the remote T/R module is returned in the 
RSR and is indicated with a second light, quick visual 
determination that transmission is taking place in both 
directions is lmssible. If this status protocol fails 
a T/kn-dule LAM is set. The CW?iC cxzmmnd6 and reg- 
istezidentification fortheT/Rmodule are listed in 
Table 2. 

Ingen&,anychangeof theISRinitiates the 
l3xnseission of its contents. Since this is often 
critical infometion, statuswords havepriorityover 
datavmds and are inserted iu adatablockwhenever 
they occur. '&mbits ineachtransinittedwordare used 
~identifythefirstwordinadatablock, awordin 
ablook, thelastmrdin adatablock, and a status 
word. 

TABLE I 
MEMORY MODUI g 

CAMAC COMMAND FUNCTION 
Fl01 Ah1 MEhKiuY BLOCK READ 
F(II~AI01 READ WC a GTAT”9 REOl97ER 
F(I) .AflI READ 9INBl.E MEMORY LOCATION [AS f(MAR)] 
F(II~AlZl. FEAD MAR 
F(Z)-Ah1 omcwu BU)CK REP [INSTEAD OF wl] 
Fl6l .A,O,.Sl ,EST LAM Q*l IF LAM REP:m 
FW, .A$P.SI 
FOI) A101. 51 
FW A(2). SI 
FIP .Ahl-SI 
FG,l*AlI).SI 
Fm).AlZl~Sl 
FGSI A(n) .SI 
FItSI .AlOl.Sl 
FQ41.AIBl~Sl 
F06)~Al0)~51 
F07J A (01 ,Sl 
~E*cl~S2 

RESET LAM REG. 
CLEAR WC B STATUS REGISTER 
CLEAR MAN 
HE9”ORY BLOCK WRITE 
‘DAD SINGLE MEMORY LOCA7WN [AS WARi, 
LQAD MAR 
WTIONA,. BLDCK WRITE ~NSTEAO OF F(l64 
SELECTWE SE7 WC B STATUS REGISTER 
DISABLE LAM 
ENABLE ‘AM 
TEOT ‘AM O= I IF LAM REC. 
CLEAR ALL REGISTERS 

NOTE: “X*REspDNSE GENERATED FDR ALL “ALlD COMMANDS AND 
‘@‘REXWE GENERATE0 ‘AM REAO AN0 WR,TE OPERATPTIONS 

mien is by 40 bit data words separated 
@y 4 bit spaces. The data formt (Figure 5) consists 
of 24 databits, 4 lateral (odd) parity bits, two word 
identifying bits, a phase bit, and 8 long (even) par- 
ity bits. An extra bit allcms later systexn expansion. 
Sincetherecei~~circuitryis time sensitive,re 
quiring 40 data bite at regular intervals follo++ed by 
aspace,thetranmission link is less sehsitive to 
whibzt noise than the 12 parity bits would otherwise 
indicate. Itisexpectedthatthis schema is suffi- 
ciently protective that the undetected error rate will 
be iusignificarL2 Inthedesign, eqhasishasbeen 
placed on fxror detection and retramm 'ssion rather 
than ezrer correction. 

As mentimed earlier, T/R module status bits pre- 
\rerrt loading a TMrrodule until its previous contents 
have&en successfully transferred to the remote sta- 
tion. Oncethe 'IMnudule is loaded, the T/Ratteapts 
totransfer thenemry contents. FirsttheT/Rchecks 
toseeif thelastblock transnu 'Wed has been unloaded. 
If not, the T/Rwaits indefinitely for a status condi- 
tion indicating the unload has taken place. Initially 
thiswaitwastobetemi~tedby a short hardware 
timaout,hcmeverglobalconsiderationsmake itde- 
sixable to allcw a rather long wait to accoimmdate 
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IABLE 2 

CAMAC COMMANDS_ 
FlII.AIOl 
FfIl.Afl) 
F f I 1 A 03 
FKll~A(Bl~SI 
FII01 Al01 SI 
F III1 A (0) SI 
FOII A II) SI 
ttll, AlZt.51 
Fill1 Al31 Sl 
FO7) AlI)~SI 
FGS, A(0). SI 
F(l91. Alll.51 
FU9) Al21 SI 
lL~C~-s2 

REMOTE STATUS REGISTER 

CONTROL REGISTER 

FB 
READ LOCAL STATVS REGISTER 
READ REMOTE STATUS REGISTER 
READ CONTROL REGlSTER 
TEST FATAL ERROR LAM G=l IFSR 
RESET FATAL ERROR 
CLEAR LDCAL STATUS REGISTER 
CLEAR REMOTE STATVS REGISTER 
CLEAR CONTROL REGISTER 
CLEAR AU REGISTERS 
WRlTE LCCAL STATUS COMMUNICATION BIT 
SELKTWE SE7 LOCAL STATUS REGISTER 
WRITE REMOTE STATUS REGISTER 
SELECTWE SET CONTROL REGISTER 
CLEAR ALL REGISTERS 

NOTE: “X’ RESPONSE GENERAED FOR ALL VALID COMMANDS AND 
“9” RESPONSE GENERATE0 FOR READ AND “AWE WEBATKINS 

Once theT/Rmcduledeterraines thattherenote 
memory is eqty, transmission is attempted. The T/R 
mdulethenwaits soa-mhatlongerthantheroundtrip 
cable time for a statuswordacknowledgingthatthe 
block has been received correctly. If this is not re- 
ceivedtheblcckisretransmitted. Thiscontinuesun- 
til transmission is successful or a hardware time out 
cccurs : 

Sinceonlythedatablccks areacknmleaged, loss 
of a status word could result in the retransmission of 
a correctly received block. If the receiving station 
coaputer happened to be very prcmpt in unloading its 
xmmry it could receive the samblocktwice. 733 pre- 
vent this, each word contains a phase bit which alter- 
nateson successive blocks. Ccqarison of the phase 
of an incomingblcckwith the phase of thelastgood 
block received allms~discarding of repeat transmis- 
sions of go& blocks. 

In order to allow shared use of transmission fa- 
cilities, the first word of each block and all status 
mxds contain an 8 bit T/R.module address which is 
automatically insertedby thehardware in thehigh 
order 8 bits. In order for ccmunicatim to take place 
the two T/R nodules must be selecter switch set to the 
sams address. 

The T/Rn-odule contains anmberof featureswhich 
aid in the detection and ox-m&ion of troubles. First 
and foremost is the continuous exchange of status which 
constantly exercises about 90% of the hardware. If 
this fails, the local T/R module can be tested by set- 
ting the imp back bit of the local status register 
which logically connects the output to the input line 
and tests everything but the line drivers. Setting 
the remtelcopbackbit in the rermtemdulevia 
status transmission requires only a fraction of the 
remtemduletobeoperationalandtests the trans- 
mission line both ways. Other control bits allow set- 



tinga~tointerruptthe~~te~~e,andirrmedi- 
ate status transmission fromthelocalaudremtencd- 
tile. Automatic operation can be inhibited aud trans- 
mission can be controlled step by step using the sta- 
tus registers andvarious interrupts. 

The Di-phase code used for transmission is self 
clocking, requiring only approximate match of the re- 
ceiwingrrodule clock to the trarmnitteddata andonly 
me transmission line in each direction.1 The tmns- 
mission line (presently coaxial cable) is driven by a 
balanced tmnsformerampleddriver forgcod cmmon 
xude rejection. 

Multiplexer 

Since each trantitted message carries the ad-. 
dress of the'pair of the T/R nodules, this is used to 
al&iv several sets of nodules to use the sane trans- 
mission link. The sche used is to poll the mlti- 
plexer T/R nodules until one is found with a message. 
Tbisnoduleis thengivenexclusive useof the link 
until it has cccpleted transmission of a single block 
orstatusword. If retr ammission is required, how- 
ever, it is plac&i at the end of a queue. At the re- 
ceitig end, all mdules receive all messages in pax- 
al&al, ignoring messages addressed to other nodules. 

current status 

Three T/R nodules and five nmrory modules have 
hem fabricated and tested. This is enough for one 
cmplete link with a spare for each position. These 
nrxiules have been operated successfully at a 4 MHZ 
bit rate between two ?DP-11's connected by 11,000 feet 
of cable, system checkout is nearly coqlete with 
p~~n.yplanned~~elogicchangesbeingrequired 
only to aid system progr amning or diagnostic software. 
The T/Rmzdule andthemamrym3dul.e require approxi- 
mately 180 and 160 integrated circuits respectively. 

The operating system sof+zmre is ccmpletely spe- 
cifiedwith coding progressing for both the PDP-11 
user software and the CD2 6600 system software. Indi- 
vidual module diagnostic routines have been written as 
well as a very flexible C?!MAC Macro diagnostic lan- 
guage3 which is usable for any PDP-11 CAMAC system 
using aPDO-11. 

Aamtract has been placed for a Branch Driver 
for the CD2 6600. The vendor is presently testing 
their hardware connf3ction to the CDC 6600 channel. 

Operationonlinewithanexperimentis expected 
by theend of the first quarter of 1975 with a dozen 
or so users by mid-year. 

We wish to thank L. Leipuner and K. Rich for 
ccm&ilmtions to the system design philosophy and also 
D. Curtis and J. Mack for producing the diagnostic 
software. M. Watson and T. W&son contributed my 
design details and skillfully assembled the prototypes. 
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